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Radboud University, Nijmegen, Netherlands, 4 Psychology of Language Department, Max Planck Institute for
Psycholinguistics, Nijmegen, Netherlands
In conversation, interlocutors rarely leave long gaps between turns, suggesting that next
speakers begin to plan their turns while listening to the previous speaker. The present
experiment used analyses of speech onset latencies and eye-movements in a task-
oriented dialogue paradigm to investigate when speakers start planning their responses.
German speakers heard a confederate describe sets of objects in utterances that either
ended in a noun [e.g., Ich habe eine Tür und ein Fahrrad (“I have a door and a bicycle”)]
or a verb form [e.g., Ich habe eine Tür und ein Fahrrad besorgt (“I have gotten a door
and a bicycle”)], while the presence or absence of the final verb either was or was not
predictable from the preceding sentence structure. In response, participants had to name
any unnamed objects they could see in their own displays with utterances such as Ich
habe ein Ei (“I have an egg”). The results show that speakers begin to plan their turns
as soon as sufficient information is available to do so, irrespective of further incoming
words.
Keywords: timing of turn-taking, task-oriented dialogue, prediction, production, planning, eye-movements
1. INTRODUCTION
Most psycholinguistic studies are directed at detailed processes in either comprehension or
production, testing single participants in isolation. Yet, interactive language use involves both,
not only in rapid succession but also in partial overlap. In conversation, the predominant form
of language use, interlocutors fluently engage in switching of roles, taking turns at talking with
only about 200 ms between turns on average (Sacks et al., 1974; de Ruiter et al., 2006; Stivers et al.,
2009; Heldner and Edlund, 2010; Levinson and Torreira, 2015; Levinson, 2016). One factor that
maintains this pace is that markedly delayed turns carry a special semiotics, presaging disagreement
or non-compliance with what was said before (Levinson, 1987; Roberts et al., 2011; Roberts and
Francis, 2013; Kendrick and Torreira, 2014; Bögels et al., 2015a).
Given the known latencies involved in speech production of 600 ms or more for a single word
in picture naming tasks (Levelt, 1989; Jescheniak et al., 2003; Indefrey and Levelt, 2004; Strijkers
and Costa, 2011) and over 1500 ms for simple sentences in scene description tasks (Griffin and
Bock, 2000; Schnur et al., 2006), this brief interval between turns will often not allow speakers
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sufficient time to plan and initiate a response (Griffin, 2003). It
therefore seems likely that next speakers prepare their response
partly while the incoming turn is still unfolding. Amodel of turn-
taking based on these observations has recently been formulated
by Levinson and Torreira (2015). In this model, the listener as
next speaker tries to anticipate the action carried out with the
incoming turn (e.g., a request) early during the turn and begins
to conceptualize and formulate a response as soon as the action
becomes clear. Parallel to content planning and formulation, the
next speaker (predictively) parses the input for possible points
of syntactic closure and other cues to turn completion, while a
formulated response may be temporarily held in a buffer. As the
incoming turn is about to end, the next speaker prepares the
articulators and initiates response. Hence, the model accounts
for short gaps between turns by assuming that content planning
starts as early as possible, comprehension continues in parallel
with response preparation, and articulation can be launched
from a prepared formulation when transition becomes relevant.
Such parallel processing should be cognitively demanding, since
speaking and listening can interfere with one another and are
known to take up processing resources (Schriefers et al., 1990;
Kemper et al., 2003; Kubose et al., 2006; Boiteau et al., 2014;
Sjerps and Meyer, 2015) and are partly supported by the same
neurological system (Hagoort et al., 1999; Menenti et al., 2011;
Kempen et al., 2012; Segaert et al., 2012). Thus, speakers face the
task of producing a response under time pressure while keeping
capacity demands and interference between comprehension and
production within reasonable bounds. In their parallel processing
model, Pickering and Garrod (2013) propose that fluent turn-
transitions are made possible by forward modeling of the
incoming speech signal with the help of the addressee’s own
production system (cf. also Garrod and Pickering, 2015). In
this account, the addressee is taken to covertly imitate the
production of the incoming turn based on the input that has
already been transmitted and thereby anticipate the content
and timing of the incoming turn so as to be able to prepare
a response in a timely fashion. Irrespective of whether or not
the production system is used to imitate the incoming turn,
early anticipation of the incoming turn’s message and intended
action would be a necessary pre-requisite for early response
preparation.
Another task of next speakers is to detect when the incoming
turn comes to an end and speaker transition becomes relevant.
Sacks et al. (1974) hypothesized that listeners predict the end
points of the incoming turns using syntactic and prosodic cues
to turn closure (see also Ford and Thompson, 1996). They
suggested that the projection of upcoming turn-completion
points was essential for the close timing observed in conversation.
Using experimental evidence for turn end estimation, de Ruiter
et al. (2006) claimed that lexico-syntactic cues are essential for
accurate projection of turn completion points, which, in their
view, is a necessary pre-requisite for response planning (see also
Riest et al., 2015). Based on this assumption, de Ruiter et al.
(2006) hypothesized that response turns could only be planned
when the end point of the incoming turn can be accurately
projected, meaning that a response could not be planned
without knowing the duration of the rest of the incoming turn
(Projection-Dependent Hypothesis). Contrary to this hypothesis,
based on their quantitative analysis of conversational speech
corpora, Heldner and Edlund (2010) claimed that at least
about 40% of turn transitions could be explained without the
assumption of turn end projection.
The alternative to the hypothesized projection-dependent
planning is that speakers begin to plan their utterance without
knowing precisely when the current turn will end and, if
necessary, postpone articulation until they detect a turn-
completion point, as described in the model by Levinson and
Torreira (2015) (Projection-Independent Hypothesis). On this
account, the exact syntactic structure and words of the incoming
turn do not need to be predicted for response planning to begin.
Instead,merely the turn’smessage or intentions need to be known
or anticipated, using the many contextual cues available from
the organization of conversational sequences (Schegloff, 2007),
common ground (Clark, 1996), or general knowledge about the
speaker, the environment, and the world. As soon as speakers can
anticipate the interlocutor’s intention they can allocate some of
their computational resources to their own planning processes
(Gisladottir et al., 2015). Thus, if the interlocutor’s message can
be recognized or anticipated early during their turn, response
planning, i.e., conceptualization and formulation, can begin early
as well.
The present study tests the hypotheses that (a) response
planning starts as early as the incoming turn’s message can be
anticipated, and (b) that the onset of response planning depends
on an accurate projection of the incoming turn’s completion
point.
A small number of previous studies have set out to investigate
when response planning in dialogue starts and whether a
projection of the turn end is necessary for response planning to
begin. Their results are not fully consistent. Magyari et al. (under
review) addressed both of these questions. They investigated
whether participants would start planning a response earlier
during a question if the answer could be known early on vs.
only at the last word of the question. Visual displays were used
that contained a tiger and a rabbit, each with or without further
objects attached to them. Participants heard questions of the
formatWhich animal has object X and object Y?, with the answer
being available either already before the beginning of the question
(early condition, with only one animal with objects) or only with
the last object (late condition, with both animals with objects and
only the last object being different between animals). Answers
were faster in the early condition than in the late condition,
suggesting that response planning was not delayed until the end
of the question. The second question thatMagyari et al. examined
was whether participants anticipated when exactly the question
would end so as to be able to time their answer accurately
to the end of the question. The lengths of the names of the
objects were manipulated so that the length of the question
could either be accurately projected (congruent condition, with
the last objects having equally long names) or not (incongruent
condition, with the last object having names of different lengths).
No main effect of congruence was found, giving no support to
the hypothesis that an accurate projection of a turn’s completion
point is necessary to plan a response.
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Bögels et al. (2015b) used EEGmeasurements to track the time
course of comprehension and production processes in a quiz-like
situation. Participants heard quiz questions to which the answer
could be known either mid-sentence or only at the very end of
the question, such as Which character, also called 007 appears
in the famous movies? (early condition) and Which character
from the famous movies is also called 007? (late condition). At
both the early and the late time points, they found significant
positive deflections after 500 ms in questions containing the
critical word (giving away the question) as compared to the
respective questions that did not contain the critical word in
that position. In a control experiment in which participants did
not have to answer the questions but remember them, this effect
was substantially reduced. The authors concluded that speech
planning began as soon as all information needed to provide an
answer was available.
Boiteau et al. (2014) investigated the cognitive load arising in
different phases of a conversation using a dual-task paradigm.
Participants continuously tracked a point on the screen with their
computer mouse while freely talking to either a confederate or
a friend. Tracking performance was worse during speaking than
during listening and began to decline already about 250–450 ms
before the end of a listening turn. The authors concluded that
speakers already began to plan their utterance while still listening
to their interlocutor.
Sjerps and Meyer (2015) also investigated cognitive load
during the temporal overlap between listening and planning
using a dual-task paradigm. Participants continuously tapped
their fingers in a predefined order while listening to a recorded
description of a row of pictures and subsequently described a
second row of pictures before a time-out signal. Whether the
recording referred to the top or bottom row varied randomly
from trial to trial, but as soon as the participants heard the
first noun, they knew which row was being described and
could, in principle, prepare for the description of the other
row. Nonetheless, both participants’ eye movements and tapping
performance indicated that planning began quite late, only
shortly before, or at the very end of the recorded turn. These
results do not support the view that speakers begin to plan their
utterance as soon as they have understood the message of the
incoming turn. Rather, the authors suggest, response planning
beganmuch later, perhaps to avoid interference between listening
and planning. However, there are a number of reasons that
call for caution when generalizing the observed timing of the
relevant processes to everyday conversation. First, as there was
no interlocutor present, the validity of generalizing the results
to live interaction is unknown. Second, all turns, incoming
and response, had the same syntactic structure and length.
Consequently, the timing of the ends of incoming turns was
highly predictable, and the beginnings of response turns could
easily be held in working memory. Third, only forty objects were
used in the item displays and they were reused twenty-one times,
potentially influencing participants’ planning strategies. Finally,
even though participants only prioritized planning over listening
toward the end of the recorded trial, they may have planned
the beginnings of their responses already during the recorded
utterance, looking at the target object for only a short period and
then returning their gaze for comprehension. As the incoming
turns were very long, such early looks may be distributed across
the incoming turn and are therefore difficult to detect.
To summarize, the studies reviewed here came to different
conclusions when investigating when next speakers begin to plan
a response and whether they rely on projectable turn-completion
points to initiate response planning. Two possible hypotheses
about the timing of planning are proposed: Next speakers
prioritize planning as soon as they have understood or can
anticipate the message of the incoming turn, as put forward by
Bögels et al. (2015b) and incorporated in the model by Levinson
and Torreira (2015) (Early Planning Hypothesis), or only when
the incoming turn is coming to completion, as postulated by
Sjerps and Meyer (2015) (Late Planning Hypothesis). Similarly,
two possible hypotheses about the necessity of precise projection
of the incoming turn’s completion point are proposed: Next
speakers depend on a projection of the incoming turn’s end,
as proposed by de Ruiter et al. (2006) (Projection-Dependent
Hypothesis) or they can start planning their response without an
accurate projection, as modeled by Levinson and Torreira (2015)
(Projection-Independent Hypothesis). The experiment described
in the following was designed to evaluate these hypotheses.
2. THE CURRENT EXPERIMENT
The study presented here made use of a novel task-oriented
dialogue paradigm, the list-completion paradigm. A female
confederate and a participant jointly completed a task while
sitting in separate sound proof booths in front of monitors and
talking to one another via microphones and headphones without
visual contact. Unbeknownst to the participant, most of the
critical utterances of the confederate were pre-recorded prior to
the experiment and played back by the confederate at the relevant
moments during the experiment. In this way, the participant
heard the utterances as being produced live and spontaneously
by the confederate, fitting the conversational flow. A similar
approach of combining live and pre-recorded playback modes
was taken by Bögels et al. (2014).
On their screens, participants saw stimuli with differing
numbers of objects (cf. Figure 1 for an example). The confederate
named the objects on her screen and the participant subsequently
named all additional objects displayed on their screen. All speech
was audio recorded. Moreover, participants’ eye-movements
were recorded. It was assumed that participants’ gaze would
follow the objects that are named by the confederate while
comprehending the object names, and would move on to the
objects that had to be named while planning the response turn
(Just and Carpenter, 1980; Griffin and Bock, 2000; Tanenhaus
et al., 2000; Griffin, 2001; Altmann and Kamide, 2007; Huettig
et al., 2011).
The experiment was conducted in German. The confederate’s
critical turns appeared in four conditions, differing in syntactic
structure. The four conditions formed a 2 × 2 design (Table 1).
The first binary factor was projectability of the turn ending
(±Pend), i.e., whether it was projectable or not how a turn
would end (either in the last object name of the list or a turn
final verb). −Pend conditions contained the verb habe (“have”)
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FIGURE 1 | Example item displays. (A) confederate display. (B) participant display.
TABLE 1 | Example sentences of the four conditions used in the experiment.
Condition Projectable ending or not
−Pend +Pend
Verb in final position or not
−Vend
Ich habe einen Schlüssel, einen Lenkdrachen
und einen Rubin.
Ich sehe einen Schlüssel, einen Lenkdrachen
und einen Rubin.
+Vend
Ich habe einen Schlüssel, einen Lenkdrachen
und einen Rubin besorgt.
Ich kann einen Schlüssel, einen Lenkdrachen
und einen Rubin besorgen.
“I have/have gotten/see/can get a key, a kite, and a ruby.”
in second position. In this position, habe was ambiguous as to
whether it was a main verb or an auxiliary, which in turn would
require a main verb in sentence-final position, in this case besorgt
(“gotten”). Both meanings of habe were used in the experiment.
Therefore, sentences in the two −Pend conditions did not allow
a precise projection of when they would end. Sentences in the
+Pend conditions either contained the main verb sehe (“see”)
or the modal verb kann (“can”), which required another verb in
sentence-final position, in this case besorgen (“get”). Therefore,
sentences in the two +Pend conditions allowed for a precise
projection of their completion point. The second factor was the
presence or absence of a sentence-final verb (±Vend). Sentences
in the −Vend condition ended right after the object list, whereas
sentences in the +Vend condition ended after a sentence-final
verb. While the number of objects named by the confederate
varied from trial to trial, the last object noun was always preceded
by und (“and”) or, in the case of items with only one object being
named, nur (“only”), providing a clear lexical cue to the end of
the object list.
The timing of participants’ looks for planning and their
response latencies were measured. For both measures, the
contrasted hypotheses make different predictions. According
to the Early Planning Hypothesis, participants should start
planning as soon as they recognize the last object of the
incoming list and should use the duration of a turn final
verb to start planning their response. According to the
Late Planning Hypothesis, however, participants should start
planning only when the turn-completion point is reached and
would not gain extra planning time in turns with sentence-
final verbs.
Eye-movements were analyzed using growth curve modeling
(Mirman et al., 2008; Mirman, 2014), a variety of mixed effects
regression that makes use of polynomial time terms as predictors
to model differences in fixation likelihoods. Linear, quadratic and
cubic time terms were included. The linear time term (Time)
models the overall increase in fixations over the time course of
a trial. The quadratic time term (Time2) models the steepness of
the curve, i.e., how “U-shaped” it is. The cubic time term (Time3)
describes whether fixations increase earlier or later (“S-shaped”
curve).
The Early Planning Hypothesis predicts no difference between
the two conditions in the moment in time at which participants
shift their gaze for planning, measured from the beginning of
the turn. In terms of the analyses applied, this is a prediction
of null effects of Time3 × ±Vend. It further predicts a main
effect of ±Vend in response latencies, with faster responses
after turns with a final verb (+Vend) than after turns without
a final verb (−Vend), because participants should gain extra
planning time at the end of the incoming turn if it ends in a
verb. The Late Planning Hypothesis predicts that participants
shift their gaze for planning later in turns with a turn-final
verb (+Vend) than in turns without (−Vend), which would
manifest as an effect of Time3 × ±Vend. It further predicts
a null effect of ±Vend in response latencies because no extra
time for planning should be gained in turns with sentence-final
verbs.
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According to the Projection-Dependent Hypothesis,
participants should start planning as soon as they recognize
the last object of the incoming list after turns with projectable
endings (+Pend), whereas after turns with unprojectable endings
(−Pend) they should start planning only upon recognizing
whether a turn-final verb form follows the object list or not (i.e.,
only when they can project when exactly the turn will come to
an end). According to the Projection-Independent Hypothesis
however, participants should start planning as soon as they
recognized the last object of the incoming list in all conditions.
Consequently, the Projection-Dependent Hypothesis predicts
participants to shift their gaze for planning earlier (measured
from the beginning of the turn) in turns with projectable endings
(+Pend) than in turns with non-projectable endings (−Pend),
which would manifest as an effect of Time3 × ±Pend. It further
predicts a main effect of ±Pend on response latencies, with
faster responses after projectable turns than after unprojectable
turns, since participants could start planning longer before the
end of the turn when its completion point was projectable.
The Projection-Independent Hypothesis predicts no difference
in the moment in time at which participants shift their gaze
for planning, which would manifest as null effects of Time3 ×
±Pend. It further predicts a null effect of ±Pend in response
latencies.
The timing pattern of response planning as described
by Levinson and Torreira (2015) results in overlap of
comprehension and production processes at the junction
of turns, where planning already begins while the incoming
turn is not yet complete and comprehension is still going
on, as predicted during turns with sentence-final verbs in the
present study. Since several of the studies reviewed above found
interference effects of incoming speech on response planning
(Schriefers et al., 1990; Kemper et al., 2003; Boiteau et al., 2014;
Bögels et al., 2015b), planning during the turn-final verbs would
be hypothesized to be less efficient than planning during silence.
This difference in efficiency should manifest as an effect of Time2
× ±Vend, with proportions of looks for planning increasing
more slowly in turns with a final verb than in turns without
a final verb. Furthermore, this difference could be modulated
by the projectability of the turn-final verb, since incoming
words might be less detrimental to response planning when
they can be projected than when they cannot. This influence
of projectability of final verbs should manifest as an effect of
Time2 × ±Pend in turns with a final verb. Both hypotheses
about the influence of verb finality and projectability on the
efficiency of response planning will be tested in the present
study.
3. MATERIALS AND METHODS
3.1. Participants
Forty-eight German native speakers (30 female) were tested
as paid participants at Heinrich-Heine University, Düsseldorf,
Germany. All participants reported to have normal or corrected-
to-normal vision and normal hearing abilities. Eight participants
stated in a questionnaire filled in after the experiment that
they noticed the presence of pre-recorded materials. These
participants were excluded from the analyses. Remaining
participants had a mean age of 26.3 years (SD= 7.6).
3.2. Apparatus
The participant and the confederate were seated in separate
sound proof booths approximately 60 cm away from 21′′
computer screens. They were unable to see each other and
could only communicate via microphones and headphones. The
participants’ eye-movements were recorded with an SMI RED-m
remote eye-tracker (120Hz sampling rate).
3.3. Visual Stimuli
Four-hundred and sixty-eight pictures of objects were used in
the experiment. The pictures were sourced online and are under
creative commons license. They were selected to be easy to
recognize and name. All pictures, with the exception of twenty
pictures used in practice trials, showed inanimate objects.
One-hundred and seventeen pairs of item displays
(participant displays and corresponding confederate displays)
that showed a differing number of objects drawn from the pool
of object pictures were used as visual stimuli (see Figure 1 for
an example). The participant displays showed between three
and five objects. These objects included all objects shown on
the corresponding confederate display and zero, one, two, or
three further objects. In participant displays that showed three
objects, the objects formed an equilateral triangle, when showing
four objects, the objects formed a square, when showing five
objects, the objects formed an equilateral pentagon. Objects on
the displays filled approximately two degrees of visual angle.
They had equal distances of about four centimeters to their
neighbors, irrespective of the arrangement they were presented
in on the display. That means that to see the individual objects
sharply, participants had to move their eyes to focus on them.
The most common names of the objects of a display did not start
with the same phoneme. Names of objects that were named by
the participants had a midrange frequency. Names of objects
that were named by the confederate were sampled from wider
frequency ranges (based on the German Wortschatz Corpus,
Department of Computer Science, Universität Leipzig, 2016).
Ninety-six displays were critical test displays, with 32 displays
each showing three, four, or five objects on the participant
display. The confederate displays showed between zero and five
objects, so that 24 participant displays showed no more objects
than the corresponding confederate display, 24 participant
displays showed one more object, 24 participant displays showed
two more objects, and 24 participant displays showed three more
objects.
In the test phase, nine pairs of displays were used as displays
for live items (see Auditory stimuli below). Three participant
displays in this group of items showed three objects, three showed
four objects, and three showed five objects. The confederate
displays in this group of items showed between zero and four
objects, so that three of the corresponding participant displays
showed one more object than the confederate display, three
showed two more objects, and three showed three more objects.
The experiment was preceded by a practice phase using twelve
display pairs.
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3.4. Auditory Stimuli
Sentences accompanying ninety-six of the visual displays were
pre-recorded in the same sound protected booth that was used
for the experiment, using a unidirectional Sennheiser ME64
microphone attached to a digital flash recorder. Each sentence
was recorded in the four conditions exemplified in Table 1.
When the sentence contained two or more object nouns, the
last noun was preceded by und (“and”). When it contained only
one object noun it was preceded by nur (“only”). When it did
not contain any object nouns, the object list was replaced by
nichts (“nothing”), as in Ich habe nichts (besorgt) [“I have (gotten)
nothing”].
Due to the structures of the sentences, their duration was
confounded with the experimental conditions because the turn-
final verbs in the +Vend condition were approximately 600ms
long, while there was no word following the list of objects in
sentences in the −Vend conditions. Therefore, sentence length
will be controlled for in the statistical analyses.
The pauses between object nouns were adjusted for the
different versions of each sentence with Praat (Boersma and
Weenink, 2015) to have random lengths between 400 and 600
ms, imitating the gaps in the original recordings. None of the
list contours of the pre-recorded stimuli used in the experiment
contained downsteps on non-final items (cf. Selting, 2007) and all
sentences ended in a low boundary tone (cf. von Essen, 1956).
Sentences accompanying nine visual displays were not pre-
recorded but produced live by the confederate during the
experiment (+Live items). The sentences accompanying the
twelve practice trials were also produced live. These sentences
were produced so as to sound similar to the pre-recorded
sentences, using the same verbs and syntactic structures that were
used in the pre-recorded sentences. They were included to test for
the comparability of participant’s response timings after live and
pre-recorded stimuli (±Live) in order to validate the assumption
that responses after pre-recorded stimuli were given naturally.
3.5. Items and Design
A participant display in combination with the accompanying
sentence constituted an experimental item. In two thirds of the
items in which the confederate named at least one object, the
objects were arranged in clockwise order as they were named,
starting at the top of the display. In one third of the items,
including all +Live items, other arrangements were used, so as
to ensure that the participants had to listen attentively and search
for the items mentioned by the participant, rather than scanning
the objects in the same order on all trials. Analyses controlled for
this order-of-objects variable.
Four lists were constructed, with each sentence and the
accompanying display appearing once per list and appearing in
a different condition in each of the lists. In each list the same
number of items appeared in each condition. Each participant
was assigned to one of the lists. The order of the items in a list
was randomized for every participant.
3.6. Procedure
Familiarization and Instructions
Participants were invited to the lab to take part in a dialogue
experiment. They were the first to enter the lab and told that
the other participant of the study would arrive in a few minutes.
In the meantime, participants were given a picture booklet
containing all pictures used in the experiment and asked to name
them. In 1.4% of all cases and in 0.9% of the cases involving
pictures to be named by participants, the pictures were not
recognized or labeled by participants, and a name was provided
by the experimenter. The experimenter noted down participants’
responses. The familiarization phase was audio-recorded.
After the familiarization phase, the confederate arrived
and was introduced as a second participant. Participant and
confederate were informed that they would be seated in separate
booths and talk to each other via headphones and microphones
to play the following game. They would see a number of displays
on their respective screens, showing things they could get. The
confederate was to tell the participant which things she has got
already, so that the participant could tell the confederate what
further objects (s)he could get. Participants were not instructed
to use any particular utterance format.
The confederate was instructed to try to remember which
objects she had seen and which names she had heard. This
served as a cover task to distract participants from the aim
of the study. Participants were told that their eye-movements
would be recorded in order to study looking behavior when
searching for objects on a screen whose names were heard.
After instructions were given, the eye-tracker was calibrated.
Calibration was repeated three times during the experiment.
Test Phase
Before the beginning of the test phase, participants completed
twelve practice trials, where instructions were repeated if
necessary. During the test phase, all communication between the
participants and the confederate was live, except for ninety-six
pre-recorded sentences accompanying the critical displays. The
confederate started the presentation of the stimulus displays and
the corresponding pre-recorded utterances by button press so
as to make them fit naturally into the conversation. Similarly,
she produced the sentences accompanying the nine +Live items
naturally in the flow of the conversation.
Participants were asked to look at a fixation cross that
was presented in the center of the display at the beginning
of each trial, which triggered the presentation of the item
displays. After a preview of 600 to 1000 ms, the stimulus
sentence began. Preview times varied randomly between
items.
The experiment took about 30 minutes. After the experiment,
participants were asked in a computerized questionnaire whether
they had noticed the presence of pre-recorded speech. The entire
test session took about 70 minutes, including familiarization, test
phase and questionnaire.
4. RESULTS
Fixation likelihoods and response latencies were the dependent
variables. Statistical analyses are based on linear mixed effects
regression models fitted in R (R Core Team, 2014) using the
package lme4 (Bates et al., 2015). The maximal random effects
structure justified by design was used for all models (Barr, 2013;
Barr et al., 2013). Control variables were not included in the
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random effects structure. All categorical variables were deviation
coded (−0.5 and 0.5). Statistical significance was assessed
with F-tests with Kenward-Roger approximations of degrees of
freedom (Kenward and Roger, 1997; Fox and Weisberg, 2011;
Halekoh and Højsgaard, 2014). We report all data exclusions, all
manipulations, and all measures in the study.
4.1. Response Timing
Response latencies for the 3980 critical turn transitions were
measured manually with Praat (Boersma and Weenink, 2015).
They were operationalized as time intervals between the end
of the incoming turn and the beginning of the response turn,
ignoring any non-speech sounds like audible in-breaths. Trials
were coded with respect to the verb structure produced by the
participants in the critical responses. When participants used
the same verbs as in one of the four stimuli conditions (habe,
habe besorgt, sehe, kann besorgen), trials were coded parallel to
the conditions (±Pend; ±Vend). All other response structures
were coded as “other.” Response structure was used as a control
variable in the mixed effects regression to control for any
differences in response time that are due to the structure of the
response turn rather than the structure of the incoming turn.
Forty-nine percent of response structures were congruent to
the structure of the corresponding confederate turn. Therefore,
structural congruency (henceforth ±Priming) was included as
a control variable in the analyses to control for any priming
effects on the dependent variables, since responses repeating the
structure of the previous turn might have been produced faster.
Twenty-four trials were excluded either because participants
did not only name the correct objects or due to technical failure.
Response latencies ranged from -211 ms to 3132 ms (MRL =
806ms, SDRL = 370ms, NRL = 3956, Table 2).
For the statistical analyses, thirty-five data-points (1%) were
removed from the data set since they were outliers of more than
three standard deviations of the mean response latency of the
respective participant that produced the data-point.
Turns in conditions with a turn-final verb (+Vend) were
longer than corresponding turns in conditions without a turn-
final verb (−Vend) due to the presence or absence of the verb.
Turn length might have affected response production processes.
Magyari et al. (under review) found participants to answer
questions faster the longer the question, irrespective of the
content of the question or when the answer could be known.
Magyari et al. propose that next speakers’ level of preparedness
to speak increases as the likelihood that the incoming turn will
come to an end increases as the turn unfolds. Therefore, the
TABLE 2 | Response latencies by condition.
Condition
Mean (SE) in ms
Format Pend Vend
habe − − 842 (11)
habe ... besorgt − + 749 (11)
sehe + − 867 (12)
kann ... besorgen + + 761 (11)
duration of the critical turns was included as a control variable
in the analyses.
To test whether the response latencies after pre-recorded
items were the same as after live items, a model was fitted
with playback mode as predictor (±Live). The duration of the
confederate turns, as well as ±Priming, and a binary order-
of-objects variable were included as control variables. Playback
mode did not influence response latencies in this model [β =
22, SE = 41, F(1, 15) = 0.30, p = 0.58]. Hence, data gained with
pre-recorded items were regarded as ecologically valid and the
following analyses are restricted to these items.
To evaluate the contrasting hypotheses formulated above, i.e.,
the Early vs. the Late Planning Hypothesis and the Projection-
Dependent vs. -Independent Hypothesis, respectively a model
was fitted to predict response latencies after pre-recorded turns,
with ±Vend and ±Pend as well as their interaction and the
duration of the confederate turn as predictors. The syntactic
structure of the responses, as well as ±Priming were included
as control variables. The model revealed a significant main effect
of ±Vend [β = −92, SE = 15, F(1, 46) = 42.62, p < 0.001], i.e.,
participants responded faster after turns that contained a final
verb than after turns that did not end in a verb. Projectability
did not significantly influence response latencies, nor did the
interaction of projectability and verb position, meaning that
response latencies were not modulated by the projectibility of a
turn’s ending. Response latencies were significantly shorter with
increasing durations of the incoming turns [β = −17, SE =
6.40, F(1, 76) = 6.50, p < 0.05]. This supports Magyari et al.’s
(under review) finding that readiness to speak increases with
increasing turn length. See Table 3 for a model summary. The
analysis was repeated with the duration measured from the end
of the confederate’s turn to the beginning of the first object noun
of the participant’s turn (instead of the turn’s beginning) as the
dependent variable, yielding the same general pattern of results.
In sum, the results support the Early Planning Hypothesis and
the Projection Independent Hypothesis.
4.2. Eye-Movements
In order to explore the time course of participants’
comprehension of the confederate’s turn and the planning
TABLE 3 | Response timing model and F-tests.
Estimate SE t F(Df,Df.res) Sig.
(Intercept) 851.205 36.8 23.121
Vend_yes −92.002 14.9 −6.172 42.62(1, 46) ***
Pend_yes 23.598 16.5 1.430 2.00(1, 60) n.s.
Vend_structure_yes −11.954 15.7 −0.760 0.52(1, 727) n.s.
Pend_structure_yes 0.089 16.6 0.005 0.00(1, 606) n.s.
priming_yes −32.381 12.9 −2.494 5.42(1, 461) *
sentence_dur_cent −17.151 6.4 −2.642 6.50(1, 76) *
Vend_yes:Pend_yes 16.140 27.4 0.587 0.33(1, 33) n.s.
Formula: RT ∼ 1 + Vend * Pend + Vend_structure + Pend_structure + priming +
sentence_duration_centred + (1 + sentence_duration_centred + Pend * Vend | subject)
+ (1 + Pend * Vend | item). Asterisks indicate significance levels of effects. *p < 0.05;
**p < 0.01; ***p < 0.001.
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of their own response turn, fixations to the first-mentioned
objects in the participants’ responses were analyzed. Fixations
toward an area of interest covering the first-named objects
(target objects) and approximately 0.25 degrees of visual angle
around them were categorized as target fixations. Figure 2 shows
the proportions of target fixations time-locked to the beginning
of the last noun in the confederate’s utterance. Figure S1 shows
proportions of looks to target objects time-locked to the offset of
the incoming turn.
Participants’ eye-movements were analyzed in a time window
from 0 ms until 2800 ms, corresponding to the beginning of the
last noun in the confederate’s turn (0 ms) and the grand mean
duration from the time-lock point until the beginning of the
first object noun in the participant turn (2800ms), respectively.
Fixations to the target objects were aggregated to empirical logits
in 100 ms time bins over the course of the analysis window by
subjects and by items, respectively. This aggregation procedure
removes non-independences in the eye movement data that arise
from the way how eye movements are planned and executed
(Barr, 2008). Where a participant looks at one point in time is
highly dependent on where she was looking at the immediately
preceding time point, as “[i]t is not physically possible for a
participant’s eye gaze to instantaneously travel from one region
to another; the gaze must travel through time and space to reach
its destination” (Barr, 2008, p. 464). Aggregating all observations
from each participant or item for each condition into time
bins and applying empirical logit transformations effectively
accounts for the problem of non-independent observations. Only
trials that included both looks for production and looks for
comprehension were analyzed, excluding trials in which the
confederate named none or all of the displayed objects. Ninety-
two of the remaining trials were discarded due to trackloss,
defined as missing data for a consecutive stretch longer than 500
ms within the time window of analysis. The final dataset included
2124 trials.
Visual inspection of the proportion of fixations indicates
that target fixations started to slowly increase about half
a second before the onset of the last object noun in the
confederate’s turn, probably because the set of candidate objects
that needed to be named got smaller as the incoming turn
unfolded (see Figure 2). The increase of fixations accelerated
at about 400 ms after the onset of the last object noun in
all conditions, meaning that participants moved their gaze for
planning at about the same time for all turns, irrespective of
their syntactic structure. From that point in time, it seems
that fixations increased and decreased faster in conditions with
a sentence-final verb than in items without a sentence-final
verb. In conditions without a sentence-final verb, fixations
appear to develop for the most part in parallel, irrespective
of the projectability of the turn’s ending. In conditions with a
sentence-final verb however, fixations seem to differ from one
another dependent on the projectability of the sentence final
verb. In the condition with non-projectable sentence-final verbs
(−Pend/+Vend), proportions appear to increase and decrease
FIGURE 2 | Proportions of looks to the object named first by the participant, time-locked to the onset of the last object noun of the confederate
turn (0ms).
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faster than in the condition with projectable sentence-final verbs
(+Pend/+Vend).
Two pairs of conditions were compared to test for effects of
verb position: trials with a projectable turn ending that contained
a final verb were compared with trials with a projectable turn
ending that did not contain a final verb (+Pend/+Vend vs.
+Pend/−Vend, i.e., kann...besorgen vs. sehe); and trials with a
non-projectable turn ending that contained a final verb were
compared with trials with a non-projectable turn ending that did
not contain a final verb (−Pend/+Vend vs. −Pend/−Vend, i.e.,
habe...besorgt vs. habe). Similarly, two pairs of conditions were
compared to test for effects of projectability: trials that projectably
ended in a turn-final verb were compared with trials that
non-projectably ended a in turn-final verb (+Pend/+Vend vs.
−Pend/+Vend, i.e., kann...besorgen vs. habe...besorgt); and trials
that projectably ended after the last object noun were compared
with trials that non-projectably ended after the last object noun
(+Pend/−Vend vs.−Pend/−Vend, i.e., sehe vs. habe).
In each test, the interactions of Condition with the cubic
time term (Time3) and the quadratic time term (Time2) were
of most theoretical interest, as they model the hypotheses about
the latency and speed of the increases of proportions of target
looks in the different conditions. The linear time term (Time)
itself does not directly relate to the hypotheses, as it only models
a linear trend in increases of the proportions of target looks,
which was expected to occur in all conditions as the task to name
the remaining objects required participants to look at the target
object in all conditions. An interaction between Condition and
Time3 would indicate a difference in the latency of the increase of
target fixations between conditions. An interaction of Condition
and Time2 would indicate a difference in the steepness of the
increase of target fixations between conditions. Table 4 shows
an overview of the interactions in question and their statistical
significance and Tables S1–S8 show summaries of the models and
respective F-tests.
Throughout the pairwise comparisons, no interaction effect
of Condition × Time3 reached statistical significance, with the
single exception of the by-item comparison of +Pend/−Vend
trials vs. +Pend/+Vend trials, indicating that the proportions of
target looks started to increase at the same point in time in all
conditions.
All four comparisons testing for the effects of verb position
showed a statistically significant interaction of Condition ×
Time2, indicating steeper increases and decreases of target
fixations in trials without sentence-final verbs as compared to
trials with sentence-final verbs, irrespective of whether the turns’
endings were projectable or not.
Neither the by-participant, nor the by-item comparison of
−Pend/−Vend trials with +Pend/−Vend trials showed an
interaction of Condition × Time2, meaning that target fixations
increased in the same way in trials without a final verb form,
no matter whether the turns’ endings were projectable or not.
However, both the by-participant and the by-item comparison
of −Pend/+Vend trials with +Pend/+Vend trials showed an
interaction of Condition× Time2 indicating that target fixations
increased more slowly when the final verb was projectable than
when it was not.
TABLE 4 | Eye-movement results of by-subject analysis.
Comparison Effect β SE F sig.
−Pend/-Vend vs. t2 × cond. 0.52 0.23 F(1, 727) = 4.64 *
−Pend/+Vend t3 × cond. −0.06 0.24 F(1, 721) = 0.06 n.s.
+Pend/-Vend vs. t2 × cond. 0.93 0.23 F(1, 735) = 15.21 ***
+Pend/+Vend t3 × cond. −0.37 0.28 F(1, 393) = 1.55 n.s.
−Pend/-Vend vs. t2 × cond. 0.32 0.25 F(1, 651) = 1.54 n.s.
+Pend/-Vend t3 × cond. 0.06 0.26 F(1, 554) = 0.05 n.s.
−Pend/+Vend vs. t2 × cond. 0.71 0.21 F(1, 869) = 10.89 ***
+Pend/+Vend t3 × cond. −0.23 0.23 F(1, 843) = 1.00 n.s.
Pairwise comparisons of Time2 × Condition and Time3 × Condition effects in growth
curve analyses. t2 = Time2, t3 = Time3. Asterisks indicate significance levels of effects.
*p < 0.05; **p < 0.01; ***p < 0.001. By-item analysis yielded similar pattern of results
(see Tables S2, S4, S6, S8).
Because the finding that participants started gazing at the
target object at the same time in all four conditions is based on
null effects in the growth curve analyses, breakpoint analyses
were conducted for each condition (Baayen, 2008) in order to
ensure that the proportions of target looks did indeed start to
increase at the same point in time in all conditions. Breakpoint
analysis is based on regression modeling and seeks to identify
discontinuities in linear relations, i.e., changes in slope. To
identify when participants started to fixate on the target object,
a search for breakpoints in target fixations was conducted in a
time window between 200 ms after the onset of the last noun
in the confederate turn and the grand mean beginning of the
participant turn (900ms) in steps of 100ms. In the by-participant
analyses, breakpoints were located around 400 ms after the onset
of the last object noun for all conditions. The by-item analyses
yielded a similar pattern of results (−Pend/−Vend: 500 ms,
−Pend/+Vend: 400ms,+Pend/−Vend: 400ms,+Pend/+Vend:
300 ms, all conditions together: 400 ms). These results confirm
that, irrespective of the incoming turn’s structure, participants
moved their gaze toward the target object as soon as the last
object noun became recognizable, assuming that planning and
executing a saccade in response to a linguistic stimulus takes
about 200 ms (Allopenna et al., 1998).
5. DISCUSSION
This study investigated how speakers coordinate listening and
speech planning in a dialogue situation. We contrasted two
hypotheses: The Late Planning Hypothesis, as formulated by
Sjerps and Meyer (2015), stating that next speakers start
planning their response only at the end of the incoming turn,
and the Early Planning Hypothesis, as included in the turn-
taking model of Levinson and Torreira (2015), stating that
next speakers start planning as soon as all information that
is needed to know what to respond is available. Furthermore,
we investigated whether the timing of response planning relies
on a projection of the incoming turn’s completion point.
Again, we contrasted two hypotheses: The Projection-Dependent
Hypothesis, as formulated by de Ruiter et al. (2006), stating
that next speakers depend on an accurate projection of the
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incoming turn’s completion point to be able to begin planning
their response, and the Projection-Independent Hypothesis, as
proposed by Levinson and Torreira (2015), stating that planning
can begin without an accurate projection of when the incoming
turn will end.
To evaluate these hypotheses, an experiment was conducted
that made use of the list-completion paradigm, a novel turn-
taking paradigm that included two interlocutors, a confederate
and a naive participant. The two participants engaged in a
cooperative dialogue task that included naming objects on their
screens. Which objects participants had to name depended on
which objects were previously named by the confederate. Their
conversation was recorded for an analysis of turn transition
times and the participants’ eye-movements were recorded for
analyses of their gazes for comprehension and gazes for response
planning.
Notably, the list-completion paradigm used both live and
pre-recorded speech and thereby created a natural dialogue
situation while at the same time allowing for tight control of
critical utterances. The production task was highly naturalistic
and resembled a conversational situation, as participants were
not restricted to use a limited set of syntactic structures in their
responses. The timing of responses was the same for pre-recorded
sentences and sentences produced live. The data collected in this
study can therefore be regarded as comparable to live situations,
especially with respect to the fact that participants that whose
data was included in the analysis stated that they did not notice
the presence of pre-recorded material.
Participants were found to start planning their responses as
soon as they knew which objects they had to name, gazing
toward the objects they named in their responses as soon as
the last object noun of the incoming turns could be recognized.
As a consequence, they spent more time planning during the
incoming turn when it contained a turn-final verb than when it
ended with the last object noun, which led to faster responses
after turns with a turn-final verb compared to turns without
a turn-final verb. These results support the Early Planning
Hypothesis and are in line with the model by Levinson and
Torreira (2015) andwith the findings of Bögels et al. (2015b), who
found that when participants had to answer quiz questions, they
started planning their responses as soon as the questions could be
understood, nomatter if that point in time was in themiddle or at
the end of the question. They are also in line with the findings by
Magyari et al. (under review), who found that participants reacted
faster to questions about objects on the screen when the answers
to the questions could be known longer before the ends of the
questions. This advantage of early planning may be an important
factor in keeping inter-turn gaps short in conversation.
On the other hand, the results appear to be at odds with the
results obtained by Sjerps and Meyer (2015), who found that
participants did not start planning until right before or at the
end of the incoming turn when taking turns with a computer in
naming rows of four pictures. In that study, participants could, in
principle, have begun to plan their utterance as soon as they had
identified the first noun of the incoming turn, but were found
to initiate planning only when they had heard the final noun. In
both the present study and the study by Sjerps and Meyer, the
measurement of utterance planning was time-locked to the last
noun of the incoming turn. In Sjerps andMeyer’s study, utterance
planning could have been initiated much earlier but apparently
participants opted for a late planning strategy. In contrast, in the
present study, planning could not have been initiated any earlier
but it could have been initiated later in cases where the incoming
turn ended in a verb. However, participants apparently opted for
an early planning strategy.
In these two studies, participants were in different
communicative situations. While in Sjerps and Meyer’s
study no human interlocutor was present, in the present study
participants interacted with another person in a joint task, which
might have encouraged them to plan their utterances as soon as
all relevant information was available rather than awaiting the
end of the turn. Another difference lies in the structures of the
utterances heard and produced. Conceptually and linguistically,
the task used by Sjerps and Meyer was undoubtedly easier and
more constrained than the task used in the present study. Given
the simple nature of the planning task in the study by Sjerps
and Meyer, participants could afford to postpone utterance
planning until the preceding turn was completed. It seems that
if next speakers consider the gain of early planning to be low,
they can opt for late planning, as in Sjerps and Meyer’s study.
If, however, next speakers are under pressure to respond in a
timely fashion, as they are in a conversational setting (Sacks et al.,
1974), they can opt for early planning, resources permitting.
The latter situation is arguably more frequent in everyday
conversation, where planning might even start based on an
anticipation of the incoming turn’s message in order to keep
inter-turn gaps short. The onset of planning might therefore
depend on the information density at the end of the incoming
turn (Jaeger, 2006, 2010), which was much higher in the present
study than in the study by Sjerps and Meyer. In the present
study, the incoming turn contained task-relevant information
either until the last word, when the incoming turn ended in
a noun, or until the last but one word, when a turn final verb
was present. In the sentences used in the study by Sjerps and
Meyer, on the other hand, only the first of four nouns was
critical for the task, so that the last nine words of each presented
sentence were irrelevant for the participants to follow their
instructions.
While participants were found to start planning their
responses before the end of the incoming turns, this planning
during incoming speech was associated with additional
processing costs. This conclusion results from two findings.
First, proportions of looks for planning increased faster in turns
not containing a sentence-final verb than in turns that ended
in a verb. And second, even though response planning was
already initiated before a sentence-final verb would be heard,
response latencies after verb-final turns were shorter than after
turns without a final verb by only a fraction of the length of the
sentence-final verb. The reduction of the difference in response
latencies might, at least partly, arise from interference of the
turn-final material with response planning, rendering planning
less efficient during turn-final verbs than during silence. When
planning during the incoming turn, next speakers still needed to
parse the input and predict or detect the upcoming completion
point. When planning in silence, there was no such extra effort,
making response planning more efficient.
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The projectability of the incoming turn’s completion point,
which was manipulated by using different verbs in second
position [ambiguous habe (“have”), unambiguous sehe (“see”)
or kann (“can”)], did not modulate response latencies, which
supports the Projection-Independent Hypothesis, as predicted
from the model by Levinson and Torreira (2015). The results
illustrate that response planning can be initiated without
an exact projection of further upcoming material or of
the exact locus of the turn end. However, the conjunction
und (“and”) or nur (“only”) preceded the final noun in
all of the confederate’s utterances, giving a cue that the
turn would end after either one or two additional words.
Thus, coarse projection of the turn-completion point was
always possible. However, accurate projection of the turn-
completion point was found to be unnecessary for response
planning.
However, projectability was found to influence looking
behavior when sentences contained turn-final verbs. The
influence was in the opposite direction as expected, with the
proportion of looks for planning increasing more slowly in turns
where a final verb was projectable than in turns in which the
final verb was not projectable. This difference in looking behavior
did not lead to a difference in response latencies, however,
and therefore cannot be interpreted as a difference in planning
difficulty. It could rather be a manifestation of a specific planning
strategy, as participants seemed to distribute their planning effort
more evenly over time when they were presented with turns
that projectably allowed them to take extra time for planning
at the end of the incoming turn. They may have done this by
planning their response early conceptually, returning their gaze
for comprehension, and finally looking for planning again to
formulate and articulate the target object’s name. With such
a strategy, next speakers could have avoided inefficiencies in
planning due to interference of incoming speech and thereby
reduced cognitive effort.
Taken together, the results suggest that the timeline of the
processes involved in taking turns in a conversation is far from
ballistic. Contrary to classical monologic tasks commonly used
in psycholinguistic studies, conversational situations are more
complex and allow for more variability in the succession of the
different aspects of language processing, especially regarding the
interplay of comprehension and production. Cognitive resources
seem to be distributed depending on the needs and possibilities
of different conversational situations and may well be influenced
by interlocutors’ decisions and preferences. Since conversation
can be regarded as the core ecology of language, this variability
deserves more attention in future psycholinguistic research,
calling for further studies concerning the psychology of dialogue
in order to understand (the limits of) the involved flexibility,
which is responsible for the general tendencies in turn-taking
behavior as well as the observable deviations from them.
6. CONCLUSION
In this experiment, participants started to plan their responses as
early as possible. Starting to plan a response during the incoming
turn is costly, but leads to efficient timing of turn-taking and
might be a key factor to keep gaps between turns in conversation
short. Early planning does not depend on accurate projection of
the incoming turn’s completion point. The results support turn-
taking models that include early response planning (Sacks et al.,
1974; Heldner and Edlund, 2010; Levinson, 2012; Levinson and
Torreira, 2015).
ETHICS STATEMENT
The experiment was approved by the Ethics Committee of
the Faculty of Social Sciences, Radboud University Nijmegen.
Participants signed a consent form prior to the study.
AUTHOR CONTRIBUTIONS
MB, SL, and AM designed the experiment; MB conducted the
experiment; MB and SS analyzed the data; MB wrote the paper
and SS, SL, and AM commented on it.
FUNDING
This research was financed by the ERC Advanced grant # 269484
INTERACT awarded to SL and by the Max Planck Institute for
Psycholinguistics.
ACKNOWLEDGMENTS
We thank Freya Materne for her help in preparing and running
the experiment, especially recording the stimuli and being the
confederate. We are grateful for the opportunity to use the
linguistics lab facilities at Heinrich-Heine University, Düsseldorf,
and thank Tanja Marton for her support.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2016.01858/full#supplementary-material
REFERENCES
Allopenna, P. D., Magnuson, J. S., and Tanenhaus, M. K. (1998). Tracking the
time course of spoken word recognition using eye movements: evidence for
continuous mapping models. J. Mem. Lang. 38, 419–439. doi: 10.1006/jmla.
1997.2558
Altmann, G. T., and Kamide, Y. (2007). The real-time mediation of visual
attention by language and world knowledge: linking anticipatory (and other)
eye movements to linguistic processing. J. Mem. Lang. 57, 502–518. doi: 10.
1016/j.jml.2006.12.004
Baayen, R. H. (2008). Analyzing Linguistic Data: A Practical Introduction to
Statistics Using R. Cambridge: Cambridge University Press. doi: 10.1017/
CBO9780511801686
Barr, D. J. (2008). Analyzing visual world eyetracking data using multilevel
logistic regression. J. Mem. Lang. 59, 457–474. doi: 10.1016/j.jml.2007.
09.002
Frontiers in Psychology | www.frontiersin.org 11 December 2016 | Volume 7 | Article 1858
Barthel et al. The Timing of Utterance Planning in Task-Oriented Dialogue
Barr, D. J. (2013). Random effects structure for testing interactions in linear
mixed-effects models. Front. Psychol. 4:328. doi: 10.3389/fpsyg.2013.00328
Barr, D. J., Levy, R., Scheepers, C., and Tily, H. J. (2013). Random effects
structure for confirmatory hypothesis testing: keep it maximal. J. Mem. Lang.
68, 255–278. doi: 10.1016/j.jml.2012.11.001
Bates, D., Mächler, M., Bolker, B.M., andWalker, S. C. (2015). Fitting linear mixed-
effects models using lme4. J. Stat. Softw. 67, 1–48. doi: 10.18637/jss.v067.i01
Boersma, P., and Weenink, D. (2015). Praat: doing phonetics by computer
[Computer program]. Version 5.3.56. Retrieved from: http://www.praat.org/
Bögels, S., Barr, D. J., Garrod, S., and Kessler, K. (2014). Conversational interaction
in the scanner: mentalizing during language processing as revealed by MEG.
Cereb. Cortex 25, 3219–34. doi: 10.1093/cercor/bhu116
Bögels, S., Kendrick, K. H., and Levinson, S. C. (2015a). Never say no ... how the
brain interprets the pregnant pause in conversation. PLoS ONE 10:e0145474.
doi: 10.1371/journal.pone.0145474
Bögels, S., Magyari, L., and Levinson, S. C. (2015b). Neural signatures of response
planning occur midway through an incoming question in conversation. Sci.
Rep. 5, 1–11. doi: 10.1038/srep12881
Boiteau, T. W., Malone, P. S., Peters, S. A., and Almor, A. (2014). Interference
between conversation and a concurrent visuomotor task. J. Exp. Psychol. Gen.
143, 295–311. doi: 10.1037/a0031858
Clark, H. H. (1996). Using Language. Cambridge: Cambridge University Press.
doi: 10.1017/CBO9780511620539
de Ruiter, J., Mitterer, H., and Enfield, N. (2006). Projecting the end of a speaker’s
turn: a cognitive cornerstone of conversation. Language 82, 515–535. doi: 10.
1353/lan.2006.0130
Department of Computer Science, Universität Leipzig (2016). Wortschatz Projekt
Universitt Leipzig.
Ford, C. E., and Thompson, S. A. (1996). “Interactional units in conversation:
syntactic, intonational, and pragmatic recources for the management of turns,”
in Interaction and Grammar, eds E. Ochs, E. A. Schegloff, and S. A. Thompson
(Cambridge: Cambridge University Press), 134–184.
Fox, J., and Weisberg, S. (2011). An R Companion to Applied Regression, 2nd Edn.
Thousand Oaks, CA: SAGE Publications.
Garrod, S., and Pickering, M. J. (2015). The use of content and timing to predict
turn transitions. Front. Psychol. 6:751. doi: 10.3389/fpsyg.2015.00751
Gisladottir, R. S., Chwilla, D. J., and Levinson, S. C. (2015). Conversation
electrified: ERP correlates of speech act recognition in underspecified
utterances. PLoS ONE 10:e0120068. doi: 10.1371/journal.pone.0120068
Griffin, Z. M. (2001). Gaze durations during speech reflect word selection
and phonological encoding. Cognition 82, B1–B14. doi: 10.1016/S0010-
0277(01)00138-X
Griffin, Z. M. (2003). A reversed word length effect in coordinating the preparation
and articulation of words in speaking. Psychon. Bull. Rev. 10, 603–609. doi: 10.
3758/BF03196521
Griffin, Z. M., and Bock, K. (2000). What the eyes say about speaking. Psychol. Sci.
11, 274–279. doi: 10.1111/1467-9280.00255
Hagoort, P., Brown, C. M., and Osterhout, L. (1999). “The neurocognition of
syntactic processing,” in Neurocognition of Language, eds C. M. Brown and P.
Hagoort (Oxford: Oxford University Press), 273–361.
Halekoh, U., and Højsgaard, S. (2014). A Kenward-Roger approximation and
parametric bootstrap methods for tests in linear mixed models the R package
pbkrtest. J. Stat. Soft. 59, 1–30. doi: 10.18637/jss.v059.i09
Heldner, M., and Edlund, J. (2010). Pauses, gaps and overlaps in conversations. J.
Phonet. 38, 555–568. doi: 10.1016/j.wocn.2010.08.002
Huettig, F., Rommers, J., and Meyer, A. S. (2011). Using the visual world paradigm
to study language processing: a review and critical evaluation.Acta Psychol. 137,
151–171. doi: 10.1016/j.actpsy.2010.11.003
Indefrey, P., and Levelt, W. (2004). The spatial and temporal signatures of word
production components. Cognition 92, 101–144. doi: 10.1016/j.cognition.2002.
06.001
Jaeger, T. F. (2006). Redundancy and Syntactic Reduction in Spontaneous Speech.
Ph.D. thesis, Stanford University, Stanford, CA.
Jaeger, T. F. (2010). Redundancy and reduction: speakers manage syntactic
information density. Cogn. Psychol. 61, 23–62. doi: 10.1016/j.cogpsych.2010.
02.002
Jescheniak, J. D., Schriefers, H., and Hantsch, A. (2003). Utterance format effects
phonological priming in the picture-word task: implications for models of
phonological encoding in speech production. J. Exp. Psychol. Hum. Percept.
Perform. 29, 441–454. doi: 10.1037/0096-1523.29.2.441
Just, M. A., and Carpenter, P. A. (1980). A theory of reading: from eye fixations to
comprehension. Psychol. Rev. 87, 329–354. doi: 10.1037/0033-295X.87.4.329
Kempen, G., Olsthoorn, N., and Sprenger, S. (2012). Grammatical workspace
sharing during language production and language comprehension: evidence
from grammatical multitasking. Lang. Cogn. Process. 27, 345–380. doi: 10.1080/
01690965.2010.544583
Kemper, S., Herman, R. E., and Lian, C. H. T. (2003). The costs of doing two things
at once for young and older adults: talking while walking, finger tapping, and
ignoring speech of noise. Psychol. Aging 18, 181–192. doi: 10.1037/0882-7974.
18.2.181
Kendrick, K. H., and Torreira, F. (2014). The timing and construction of
preference: a quantitative study. Discourse Process. 52, 255–289. doi: 10.1080/
0163853X.2014.955997
Kenward, M. G., and Roger, J. H. (1997). Small sample inference for fixed effects
from restricted maximum likelihood. Biometrics 53, 983–997. doi: 10.2307/
2533558
Kubose, T. T., Bock, K., Dell, G. S., Garnsey, S. M., Kramer, A. F., and Mayhugh,
J. (2006). The effects of speech production and speech comprehension on
simulated driving performance. Appl. Cogn. Psychol. 20, 43–63. doi: 10.1002/
acp.1164
Levelt, W. J. M. (1989). Speaking: From Intention to Articulation. London: MIT
Press.
Levinson, S. C. (1987). Pragmatics. Cambridge: Cambridge University Press.
Levinson, S. C. (2012). “Action formation and ascription,” in The Handbook of
Conversation Analysis, eds J. Sidnell and T. Stivers (Chichester: John Wiley &
Sons, Ltd.), 101–130. doi: 10.1002/9781118325001.ch6
Levinson, S. C. (2016). Turn-taking in human communication - origins and
implications for language processing. Trends Cogn. Sci. 20, 6–14. doi: 10.1016/
j.tics.2015.10.010
Levinson, S. C., and Torreira, F. (2015). Timing in turn-taking and its implications
for processing models of language. Front. Psychol. 6:731. doi: 10.3389/fpsyg.
2015.00731
Menenti, L., Gierhan, S. M. E., Segaert, K., and Hagoort, P. (2011). Shared
language: overlap and segregation of the neuronal infrastructure for speaking
and listening revealed by functional MRI. Psychol. Sci. 22, 1173–1182. doi: 10.
1177/0956797611418347
Mirman, D. (2014). Growth Curve Analysis and Visualization Using R. Chapman &
Hall/CRC the R series. Boca Raton, FL: CRC Press/Taylor & Francis Group.
Mirman, D., Dixon, J. A., andMagnuson, J. S. (2008). Statistical and computational
models of the visual world paradigm: growth curves and individual differences.
J. Mem. Lang. 59, 475–494. doi: 10.1016/j.jml.2007.11.006
Pickering, M. J., and Garrod, S. (2013). An integrated theory of language
production and comprehension. Behav. Brain Sci. 36, 329–347. doi: 10.1017/
S0140525X12001495
R Core Team (2014). R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing.
Riest, C., Jorschick, A. B., and de Ruiter, J. P. (2015). Anticipation in turn-taking:
mechanisms and information sources. Front. Psychol. 6:89. doi: 10.3389/fpsyg.
2015.00089
Roberts, F., and Francis, A. L. (2013). Identifying a temporal threshold of tolerance
for silent gaps after requests. J. Acoust. Soc. Am. 133, EL471–EL477. doi: 10.
1121/1.4802900
Roberts, F., Margutti, P., and Takano, S. (2011). Judgments concerning the valence
of inter-turn silence across speakers of American english, Italian, and Japanese.
Discour. Process. 48, 331–354. doi: 10.1080/0163853X.2011.558002
Sacks, H., Schegloff, E. A., and Jefferson, G. (1974). A simplest systematics for the
organization of turn-taking for conversation. Language 50, 696–735. doi: 10.
1353/lan.1974.0010
Schegloff, E. A. (2007). Sequence Organization in Interaction: A Primer in
Conversation Analysis. Cambridge: Cambridge University Press. doi: 10.1017/
CBO9780511791208
Schnur, T. T., Costa, A., and Caramazza, A. (2006). Planning at the phonological
level during sentence production. J. Psycholinguist. Res. 35, 189–213. doi: 10.
1007/s10936-005-9011-6
Schriefers, H., Meyer, A. S., and Levelt, W. (1990). Exploring the
time course of lexical access in language production: picture-word
Frontiers in Psychology | www.frontiersin.org 12 December 2016 | Volume 7 | Article 1858
Barthel et al. The Timing of Utterance Planning in Task-Oriented Dialogue
interference studies. J. Mem. Lang. 29, 86–102. doi: 10.1016/0749-596X(90)
90011-N
Segaert, K., Menenti, L., Weber, K., Petersson, K. M., and Hagoort, P. (2012).
Shared syntax in language production and language comprehension–an fMRI
study. Cereb. Cortex 22, 1662–1670. doi: 10.1093/cercor/bhr249
Selting, M. (2007). Lists as embedded structures and the prosody of list
construction as an interactional resource. J. Pragmat. 39, 483–526. doi: 10.1016/
j.pragma.2006.07.008
Sjerps, M. J., and Meyer, A. S. (2015). Variation in dual-task performance reveals
late initiation of speech planning in turn-taking. Cognition 136, 304–324.
doi: 10.1016/j.cognition.2014.10.008
Stivers, T., Enfield, N. J., Brown, P., Englert, C., Hayashi, M., Heinemann, T., et al.
(2009). Universals and cultural variation in turn-taking in conversation. Proc.
Natl. Acad. Sci. U.S.A. 106, 10587–10592. doi: 10.1073/pnas.0903616106
Strijkers, K., and Costa, A. (2011). Riding the lexical speedway: a critical review on
the time course of lexical selection in speech production. Front. Psychol. 2:356.
doi: 10.3389/fpsyg.2011.00356
Tanenhaus, M. K., Magnuson, J. S., Dahan, D., and Chambers, C. (2000). Eye
movements and lexical access in spoken-language comprehension: evaluating a
linking hypothesis between fixations and linguistic processing. J. Psycholinguist.
Res. 29, 557–580. doi: 10.1023/A:1026464108329
von Essen, O. (1956). Grundzüge der Hochdeutschen Satzintonation, 1st Edn.
Düsseldorf: A. Henn.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Barthel, Sauppe, Levinson and Meyer. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 13 December 2016 | Volume 7 | Article 1858
